Lifestyle behaviors in overweight and obese individuals are closely linked to the development, course, and outcomes of type 2 diabetes and multiple comorbid health conditions. Behavior change theory and many randomized controlled studies offer strong support for screening and identifying adults at increased cardiometabolic risk and for providing early intervention to mitigate risk factors to prevent or delay the onset of disease. The current article reviews key lifestyle intervention efficacy and dissemination trials conducted with individuals deemed to be at increased risk for diabetes and describes the rationale for training teams of professionals and community health workers (e.g., promotores [in Spanish]) to implement comprehensive programs, with fidelity, in a variety of medical care and community settings. This evidence-based road map may be used to facilitate the design and implementation of strategies for structured behavioral diabetes risk reduction programs in the public and private healthcare sectors and other relevant community-based platforms serving individuals of Hispanic/Latino origin in the United States and Mexico.
INTRODUCTION
Obesity, type 2 diabetes, and associated comorbid conditions are a significant public health burden in North America and globally. In Mexico, there has been a sharp, dramatic acceleration in noncommunicable diseases over the last 2 decades, and the Ministry of Health has responded strongly to increase awareness, education, interventions, healthcare training, and research. 1 The main purpose of the current review is to summarize what is known about lifestyle behavior modification research aimed at the primary prevention of diabetes among obese individuals across the risk spectrum, including those with prediabetes and the metabolic syndrome. Most of these investigations have been performed in the United States and relatively few studies include samples comprised solely of Latinos. However, the current review includes several more recent studies of behaviorally based interventions with Latinos residing in urban centers and on the United States/Mexico border (note: in this paper, usage of the terms Hispanic or Latino/Latina is based on terminology used in the published reports). It is suggested that the lessons learned in the field of obesity management and diabetes prevention overall during the past few decades provide an excellent framework for moving forward with diabetes risk reduction efforts aimed at serving communities of Hispanic/Latino origin throughout North America. The current paper also addresses the strengths and limitations of existing community-based lifestyle program adaptations to manage obesity and reduce diabetes risk, identify gaps, and provide suggestions for future research.
IMPORTANCE OF EARLY INTERVENTION FOR OBESE INDIVIDUALS WITH ELEVATED RISK FOR DIABETES
There is a long history of obesity theory and research showing that lifestyle self-management programs decrease health risks and provide a broad spectrum of physical and mental health benefits for many. Although individual variability in genetic and cardiometabolic risk, susceptibility to diabetes development, and responsivity to weight loss and weight maintenance interventions remain the focus of multifaceted research studies, 2 there are compelling public health reasons not to delay behavioral primary prevention initiatives among obese individuals who are at elevated risk due to race/ethnicity and other factors. 3, 4 Obesity prevalence is disproportionately higher among persons of Hispanic/Latino origin compared with non-Hispanic whites, 5 and the potential for comorbidity and complications is well documented. [6] [7] [8] Multiple theoretical models support health behavior change efforts 9 for obesity, with most current evidence-based lifestyle programs guided by behavioral learning theory and social-cognitive theory. 10, 11 For example, an investigation of mixed-risk obese women (some with diagnosed diabetes) in a Mexican public hospital system demonstrated that the integration of cognitive behavioral strategies with other diet and weight management approaches enhanced program efficacy for improving health risk factors above and beyond dietary approaches alone. 12 Thus, it should be emphasized that educational programs alone, which are not grounded in behavior change theory and intervention, are associated with increases in knowledge and awareness but typically lead to less than optimal weight and physiologic outcomes.
The present review aims to discuss the following: research that highlights key elements of behavior change programs known to reduce cardiometabolic risk; the international efficacy trials that have repeatedly confirmed the importance of lifestyle intervention as a first-line treatment to combat diabetes and cardiovascular disease; and the more recent translation and dissemination studies that have provided guidance and a hopeful message for diabetes prevention in the public health arena. Several prevention-focused studies that have included primarily Hispanic/Latino groups and the implications for future research are also reviewed.
LIFESTYLE INTERVENTIONS FOR OBESITY AND DIABETES PREVENTION: KEY PROGRAM ELEMENTS
Major efficacy trials, including several international primary prevention studies with 10-20 years of longitudinal follow-up data, [13] [14] [15] [16] [17] [18] [19] show clear, immediate benefit and a potential carryover effect of structured lifestyle interventions on health risk parameters, when compared with medication or placebo treatment. In these studies, the main intervention goal has been to enable obese persons with prediabetes or impaired glucose tolerance to make feasible changes in eating patterns and physical activity and lose a modest amount of weight in order to, in turn, impact body composition and the longer-term course of dysglycemia. The Group Lifestyle Balance intervention, [20] [21] [22] [23] [24] [25] the YMCA Diabetes Prevention Program (DPP), 26, 27 the Special Diabetes Program for Indians Demonstration Project, 28 and the US Centers for Disease Control National Diabetes Prevention Program are all current derivations of the efficacious DPP intensive lifestyle intervention that was originally delivered to individuals on a case-by-case basis.
29 Figure 1 displays the conceptual model and learning sequence that generally characterizes obesity and diabetes prevention interventions. Table 1 presents an example of a recommended delivery schedule for the Group Lifestyle Balance 12-month intervention; this is one of several currently active translation and dissemination programs that have been systematically examined during the past decade. 24 Many investigators have endeavored to translate the robust DPP behavioral intervention, 30 including research groups targeting Latino populations in large primary care systems 31 and other community-based clinical settings. [32] [33] [34] There are many public websites, which include manuals of operation with leaders' guides, participant behavioral intervention materials in English and Spanish, and other health communication materials derived from evidence-based lifestyle intervention research, including those from the National Institutes of Health-National Institute of Diabetes, Digestive and Kidney Diseases, the National Diabetes Education Program and the Centers for Disease Control and Prevention.
To optimize standard behavioral obesity and diabetes prevention interventions, well trained and/or well-supervised lifestyle interventionists (often referred to as "lifestyle coaches") provide participants with initial calorie, fat, weight, and activity target goals in ranges (e.g., 1200 kcal-2000 kcal, 150 min of weekly physical activity) known to produce safe, achievable energy balance deficits, modest weight loss, and physiological benefit. 35, 36 Behavioral interventions generally employ flexible, nonprescriptive dietary guidelines that permit tailoring to personal, familial, and cultural food preferences yet emphasize appropriate calorie reduction to achieve weight, glucose, and cardiometabolic control. Dietary guidelines in Mexico are akin to those provided in the United States, with an emphasis placed on prudent saturated fat reduction, a plant-focused ("whole foods") eating style, decreases in highly processed and refined grains, salty snacks and sweets, red or processed meats, and sugary beverages. Dietary guidelines have shifted over time, but common behavioral wisdom suggests that helping participants construct affordable, accessible, appealing, and healthy meal and snack patterns that they believe they can incorporate into their daily lifestyle habits, as opposed to emphasizing single problem nutrients, will be more likely to elicit sustainable behavior change, weight management, and improved diabetes risk reduction. 37 It is worth noting that the Mexican government (in comparison with the US government) has been remarkably proactive with respect to promoting decreased consumption of sugar-sweetened beverages by instituting a drink tax. Recent data suggest that this policy has influenced consumer behavior in a positive direction. 38 This action is wholly consistent with a social learning approach to diabetes prevention, which maintains that environmental change is likely to have the most farreaching impact on behavior change. Nonetheless, to amplify these benefits, it is also important to examine corollary educational awareness and intervention programs with the potential to influence family and community norms and to increase access to potable water sources, as well as examine impact on cardiometabolic outcomes.
Available cross-sectional data for over 1000 Mexican adults with low socioeconomic status showed that individuals who drank more water indeed consumed fewer caloric beverages. 39 One Mexican intervention study found that the provision of drinking water and nutrition counseling to overweight and obese women increased their water intake and partially decreased their sugared beverage consumption; in the obese subgroup, some metabolic syndrome markers were also decreased. 40 Certainly, these results are encouraging of further behavioral interventions for individuals with obesity and metabolic syndrome and they have direct implications for health promotion and public health policy. Finally, of equal importance are intervention efforts to increase physical activity (150 minutes/week) and reduce the time spent being sedentary. As is the case worldwide, physical inactivity is an acknowledged public health risk factor for diabetes and cardiovascular disease in Mexico. Epidemiological data from the National Health and Nutrition Survey in 2006 and 2012 suggest that the rate of inactivity has increased in Mexicans, particularly older adults in the obese category and those of higher socioeconomic status. 41 In contrast, there is a need for more research on the proximal determinants of obesity-related behaviors impacting first-and second-generation Hispanic immigrants to the United States. Available data suggest that a variety of structural factors, including degree of acculturation, family income, household roles and responsibilities, maternal education, literacy, and health literacy, may differentially impact US-born relative to foreign-born immigrants, and the direction of such influence is not always consistent, particularly among Hispanic/Latino immigrants from different countries. 42, 43 Thus, assessing unique family and community risk factors is also important when adapting diabetes prevention programs. In this regard, qualitative as well as quantitative research is warranted. 31, 32, 44 For example, O'Brien et al. 44 conducted focus groups to examine the factors that affect diet and activity in recent MexicanAmerican immigrants at high risk for diabetes. This study found that lower levels of acculturation and relatively greater economic prosperity and work demands in the United States resulted in less healthy meal planning and food consumption and more sedentary behavior. 44 
LIFESTYLE INTERVENTION AS A PRIMARY APPROACH TO CHRONIC DISEASE PREVENTION
The science of behavioral lifestyle intervention for diabetes prevention among high-risk persons has advanced considerably over the last several decades. The lifestyle intervention paradigm acknowledges the physiologic, genetic, and metabolic complexity of obesity and diabetes variability in individual response and weight loss maintenance, as well as the need to refine future efforts accordingly. 45 Nonetheless, major scientific and professional organizations in the United States and internationally continue to endorse moderate-to high-intensity behavior counseling as a gold standard for treating obesity and prediabetes. [46] [47] [48] [49] Early programmatic treatment outcome research by Wing et al. 50 targeted individuals with diagnosed type 2 diabetes and demonstrated clearly the specific and combined effects of modest calorie and fat restriction, as well as programmed and lifestyle physical activities. At the same time, epidemiological research documented markers of heightened risk and the emergence of complications prior to diabetes diagnosis, 51, 52 establishing a rationale for primary prevention. Studies examining those with a family history of diabetes or impaired glucose tolerance 53 demonstrated the feasibility of behavioral diet and activity interventions and their salutary effects on glucose, insulin, blood pressure, and lipid measures. These studies were followed by several successful, large randomized clinical trials, including the DPP. [13] [14] [15] [16] [17] [18] [19] The DPP study, with its safe and practical nutrition and activity goals, demonstrated that among participants with impaired glucose tolerance, an intensive lifestyle intervention reduced the cumulative incidence rate of diabetes by 58% compared with placebo treatment, over an average follow-up period of 2.8 years. Metformin, a safe and well-tolerated medication widely used to treat diabetes, was less effective than lifestyle but also reduced the incidence of diabetes by 31% compared with placebo. 15 During the subsequent 10 years of follow-up, lifestyle treatment intensity was diminished and behavioral adherence waned, resulting in weight regain, although not back to baseline levels. However, individuals originally assigned to the lifestyle and metformin arms continued to demonstrate decreased incidence of diabetes, with 27% and 17% risk reductions, respectively, compared with placebo. The lifestyle finding, in particular, suggests a legacy or carryover effect for the original behavioral intervention despite diminished treatment intensity. 16 Similar patterns of beneficial lifestyle intervention carryover effects extending beyond the most intensive treatment phase have also been shown in China and Finland.
14 Perhaps one of the most compelling DPP results, from a translational public health perspective, is that the lifestyle group was able to show superior risk reduction compared with metformin or placebo across all racial and ethnic subgroups studied. 15 Although the magnitude of weight change, weight loss maintenance, 54 ( Figure 2 ), all groups demonstrated modest weight loss and associated risk reduction. Hispanic males and females in the DPP demonstrated an average 7.8% and 7.1% weight loss at 12 months from baseline, respectively, and both groups sustained a loss of at least 6.5% at 30 months. These results are encouraging and should be a catalyst for further dissemination research using DPP culturally tailored programs delivered with high behavioral fidelity.
DPP TRANSLATION AND DISSEMINATION STUDIES
Since the DPP lifestyle efficacy results were published in 2002, 15 numerous translational studies derived from the original DPP protocol have shown that DPP-adapted interventions can produce clinically meaningful outcomes using traditional health professionals and/or well-trained and supervised community health personnel -but there is clearly variability in the outcomes achieved. Documentation for such studies may also be found in other review articles [55] [56] [57] [58] [59] [60] and meta-analyses. 61 Many, but not all, of these translational studies have demonstrated mean percent weight losses in the range of 3%-7% between 0-6 and 0-12 months, with some also documenting corresponding improvements in blood glucose, lipids, insulin measures, waist circumference, and blood pressure. Very few diabetes prevention program dissemination studies describe or assess subjective or objective physical activity outcomes, and this should be targeted in future dissemination work. 62 Several DPP translations are pilot studies with small sample sizes, and a majority use nonrandomized pre-post intervention designs, attempting to show the feasibility of implementing DPP-adapted programs in a variety of nonmedical settings. Although findings to date are encouraging, it has been suggested that stronger randomized controlled or "natural" experiments 63 (e.g., cluster designs, time series studies with multiple baselines, comparative effectiveness trials) of diabetes prevention program implementation in large healthcare and other community-based systems are an important next step; such experiments are needed to propel not only the development of behavior change interventions but also public policy for preventive healthcare forward, including standardized evaluation metrics that permit more efficient and reliable cross-experiment comparisons. Comparative effectiveness research studies that leverage the usual care infrastructure (e.g., electronic health record screenings and referrals) or the usual care staff of healthcare and other community services (e.g., public or private primary healthcare systems, worksites, organized societal institutions, or networks, such as schools, neighborhood cultural centers, fitness and recreation centers, senior service agencies, church-based settings) have been put forth as potentially cost-effective and innovative next steps in behavioral diabetes prevention research.
There are additional conceptual and implementation issues to consider in designing lifestyle programs for widespread dissemination. First, the means and costs of preparing, training, certifying, supporting, and evaluating the providers or teams of providers (i.e., the lifestyle coach workforce), either in the community at large or in medical care systems, and how best to create linkage between community-based programs and primary care-based medical providers more efficiently require further study. 24 This becomes particularly important when utilizing peer leaders, community health workers (e.g., "lay educators" or "promotores de salud"), and other support staff who have otherwise been shown to enhance healthcare teams delivering evidence-based programs; some of the benefits they provide include their ability to engage and retain community members with common language, as well as their sensitivity to familial, cultural, and economic facilitators and barriers, and/or exposure to diabetes personally or through family members and friends. 64 Nevertheless, it is important to also evaluate participant satisfaction in peer-led assessments, as in any other intervention program, because there is some data to suggest that some individuals seeking diabetes prevention and control may prefer or have greater confidence in interventions led or supervised by health professionals compared with peers. 65 Second, it is important when tailoring and adapting behavioral programs that the most well-established components (e.g., goal-setting, self-monitoring of diet and activity, social problem-solving, etc.) are not sacrificed, thus reducing behavioral fidelity and potency. This has been the case in some community interventions in which weight loss in the first 6 months was less than 3%. In the original DPP, weight loss was a significant driver of risk reduction, with each kilogram of decreased weight conferring a 16% reduction in diabetes risk. 36 Increasing physical activity was also crucial, particularly for weight maintenance over approximately 3 years of follow-up. To this end, research has revealed that self-monitoring, self-awareness, and social support for healthy diet, weight, and activity are central to weight loss intentions, motivation, and behavior change maintenance. 66, 67 Efforts to enhance the ease of selfmonitoring (e.g., mobile prompts, Web-based aids to implementation) or the role played by naturally occurring social support systems (e.g., family, friends, spouses, partners) in the community are important targets. Several of these elements have been the subject of formative research and incorporated into ongoing work by Rosas et al. 31 in their DPP-derived intervention studies with Latino adults in California.
EXPANDING THE REACH OF PREDIABETES SCREENING AND PRIMARY PREVENTION PROGRAMS IN COMMUNITY SAMPLES: IMPLICATIONS FOR HISPANIC/LATINO ADAPTATIONS
As indicated previously, most lifestyle behavior modification interventions for obesity and diabetes prevention have been developed and tested primarily with individuals of white European descent, typically in academic medical settings. However, there is a rapidly growing body of community-focused translational chronic disease reduction research in the United States targeting ethnically, racially, and geographically diverse groups with evidence-based programs being implemented outside of traditional academic settings. 27, 28, 33, 34, 55, 57, 58, [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] Given the variability in study design (e.g., single-arm pre-post design vs randomized controlled trials), as well as variability in interventionist training and implementation skill (e.g., health professionals vs community health workers), head-to-head study comparisons are difficult, although many DPP-adapted interventions tend to employ health professionals in a supervisory or a supplemental intervention role. In addition, there is an emerging research area that aims to document the role, process and outcomes of community health worker (CHW) interventions or promotores de salud. To date, the dynamic contributions of CHW interventions have been examined more carefully for those with diagnosed diabetes than for diabetes prevention efforts. 55 The stated goal of most CHW interventions is to reach, screen, and provide health education to medically underserved individuals, including persons with low levels of educational attainment and greater economic challenge than those who tend to be enrolled in randomized clinical trials. 79 Typically, these approaches are grounded in social ecological models of public health, 9 as well as target screening, identification of early disease markers, and the promotion of health knowledge that will, in turn, dictate referral to other health professionals and prevention/ intervention programs. [80] [81] [82] [83] However, with the advent of both CHW recognition by the US Department of Labor 79 and the increased dissemination and training of manualized, evidence-based DPP programs, CHW team-based implementation roles are expanding 32, 33, 64 and there is a need to systematically review these methods and outcomes more closely as well. 24 To date, there are limited data on lifestyle interventions for chronic disease prevention being delivered solely by promotores outside of community health centers and hospital clinics and that include relatively large samples of overweight/obese women with very low education and literacy levels on the Texas-Mexico border. This body of research has demonstrated that significantly favorable 3-or 4-month changes in weight and waist circumference, lipids, and glucose measures can be achieved 83 and that participants who are high utilizers of community resources (parks, recreational centers) have more significant diet, activity, and weight changes. 82 A 6-month lifestyle behavior change intervention facilitated by promotores 84 compared 223 overweight and obese, mostly Mexican-American women in Los Angeles who were randomly assigned to either active group intervention or a safety and disaster preparedness class. High retention rates were observed (>80%), and clinically meaningful effects were found for dietary change scores, objectively measured steps, and waist circumference, although not weight changes. Studies of this nature, which integrate CHW as part of a larger community-based participatory research network, show utility and warrant replication and efforts to increase the dose and intensity of the intervention programs in order to achieve more clinically meaningful weight and cardiometabolic outcomes.
ENHANCING SOCIAL SUPPORT NETWORKS FOR HEALTH BEHAVIOR CHANGE
There are significant educational, health literacy, social support, and daily-living barriers and facilitators that need to be addressed when cultivating new self-care behaviors.
Research has established previously that obesity is more likely to spread or cluster within social networks (e.g., friends, siblings, couples) 85 ; thus, it stands to reason that it will also be important to examine the ways in which efforts at healthy lifestyle behavior change either do, or do not, ripple through one's close social networks when embarking upon a weight management or diabetes prevention program. There is emerging qualitative as well as quantitative data on the nature of family or community social support that can have a significant impact on weight and health outcomes, as well as the outward influence of successful behavior change (i.e., role modeling, creating new social norms) within a given individual's social network because of his or her participation in a structured program. Certainly, in many social and ethnic groups where collectivism, shared values and norms, or centrality of the family unit play an important role, designing studies that exploit these natural tendencies is more likely to be effective and enhance reach. 86, 87 One example of this is a pilot study that targeted dyads of Mexican-American mothers with type 2 diabetes and their overweight/obese adult daughters within federally qualified health centers to improve dietary intake and weight loss. 88 The intervention arm utilized a 16-week program of combined group meetings, home visits, and booster telephone calls from a community health worker and found that, compared with control participants, the intervention group had better weight loss and dietary intake, an increase in social support, and a decrease in undermining behaviors.
CONCLUSION
The research examined in this article indicates that the behavioral programs for obesity and resulting diabetes prevention programs studied over the last several decades provide ample support for the value of structured interventions to promote health behavior change and significantly reduce chronic disease risk in many different communities, including those that are predominantly Hispanic/Latino. The Diabetes Prevention Program study, in particular, and the field of dissemination research that has followed in its wake indicate that all racial, ethnic, and cultural communities stand to benefit from such programs. Given the substantial burden of noncommunicable disease worldwide, stronger research emphasis and support for behavioral lifestyle interventions as a first (and early) line of treatment for individuals and communities at highest risk is essential. For greater public health impact, diabetes prevention research is increasingly being conducted in all the relevant settings in which individuals live, work, study, and play. It is in this capacity, moving from the medical clinic to community settings, that community health workers have the potential to bridge the functions of screening, educational and behavioral prevention programs, and management of chronic diseases, and to make significant contributions, especially in resource-limited healthcare environments.
Considerably more research is needed to extend behavioral lifestyle prevention efforts in the United States and Mexico in order to maximize benefits in Hispanic/ Latino communities. Such research should include formal cost-effectiveness analyses demonstrating that proof-ofconcept interventions such as the DPP lifestyle intervention can be scaled into population-based approaches and provide a good return on investment. Social contact and accountability and recognition of the powerful influence of the social and cultural environment on lifestyle behaviors are critical, yet repeated in-person group visits are not likely sustainable. Thus, research that examines costeffective ways to harness the influence of important social networks will help advance the field. In addition, formally recognized lifestyle coach training programs, manualized interventions that are culturally as well as linguistically appropriate, and clearer standards for participant recruitment and implementation dose (such as those currently being mandated by the Centers for Disease Control National Diabetes Prevention Program) are increasingly being utilized by teams of health professionals and community health workers alike. It is anticipated that these advances will accelerate the documentation of quantitative and qualitative health outcomes and propel the lifestyle prevention field forward. Declaration of interest. The authors have no relevant interests to declare.
